Objective: To compare the anaesthetic and convulsive effects of sevoflurane/remifentanil versus propofol/remifentanil combination in electroconvulsive therapy (ECT). Methods: In this prospective, randomized double-blind study, patients diagnosed with treatmentresistant depression were included for ECT. Prior to treatment, 1 mg/kg remifentanil was intravenously administered to all patients, followed by anaesthetic induction with either 0.5 mg/kg propofol or 8% sevoflurane. Following muscular paralysis with succinylcholine and hypnosis, bitemporal ECT was applied. Vital signs, depth of sedation, recovery parameters, motor and electroencephalography (EEG) convulsion activity and postictal suppression index scores were recorded. Results: A total of 120 sessions of ECTwere administered to 12 patients. Heart rate was higher in the sevoflurane group than the propofol group. Compared with the sevoflurane group, bispectral index level was lower in the propofol group during the induction period and higher during the recovery period. Anaesthetic induction and recovery times were lower, and average motor and EEG convulsion activity was longer, in the propofol group than in the sevoflurane group. Conclusion: Propofol/remifentanil is more successful compared with sevoflurane/remifentanil in anaesthesia management during ECT since it provides quick induction and recovery, longer seizure activity and stable haemodynamics.
Introduction
Electroconvulsive therapy (ECT) is an efficient and fast therapy for treatment-resistant depression. Modern ECT, termed 'modified' ECT, is performed under general anaesthesia and muscle relaxation. 1 An ideal anaesthetic agent for ECT must have a rapid onset, no effect on seizure efficacy and should ensure cardiovascular stability during administration. 2 Different anaesthetic agents have different effects on seizure duration. Seizures of 20-25 s duration are generally required for therapeutic efficacy, with shorter seizures viewed as a negative outcome for ECT. 3, 4 An anaesthetic agent with a stabilizing effect on the cardiovascular system is considered to be beneficial. 5 Propofol is a nonbarbiturate hypnotic agent that is widely used in ECT anaesthesia because of its associated rapid recovery and haemodynamic stability advantages. [6] [7] [8] Propofol may increase the efficacy of ECT 9, 10 and can decrease post-ECT confusion, 11 however, its use is associated with a dose-dependent decrease in seizure duration. 12 Decreasing the dose of propofol is associated with longer seizures, and one means of decreasing the propofol dose (for example to 0.5 mg/kg) is to use it in combination with 1 mg/kg remifentanil. [13] [14] [15] In circumstances where venous access is difficult due to dehydration or agitation of the patient, inhaled anaesthetics can be administered. Sevoflurane is an inhaled anaesthetic used in ECT, 16, 17 however, it's use may be disadvantageous because it causes acute haemodynamic changes following ECT. 16, 18 Compared with anaesthesia using propofol, sevoflurane-induced anaesthesia has been associated with a faster recovery time and longer convulsion duration, however, it has also been associated with a longer induction and greater haemodynamic response. 16, [19] [20] [21] Opioid analgesics decrease the negative anaesthetic effects on haemodynamics and seizure duration in ECT anaesthesia. Remifentanil is a potent ultrashort-acting opioid used as an analgesic in ECT, 22 with no systematic anticonvulsant effect, 23 and is associated with haemodynamic stability and fast recovery times. [13] [14] [15] 24 The addition of remifentanil to propofol anaesthesia in ECT has been shown to enable a decrease in propofol dose by 50-75%, and be associated with increases in seizure duration. [13] [14] [15] Remifentanil is associated with a dosedependent decrease in the bispectral index (BIS). 25 The BIS is an automated, single measure of scalp electroencephalography (EEG). It is an index of depth of anaesthesia, with scores of !95 being associated with full consciousness, scores of 65-85 being associated with sedation and scores of 40-65 indicating general anaesthesia. 26 The present study aimed to compare the effects of propofol/remifentanil or sevoflurane/remifentanil combinations on induction rate, convulsion time, haemodynamics and recovery profile during anaesthetic induction for ECT, in patients whose anaesthetic depth was measured using the BIS.
Patients and methods

Study population
The present study was conducted at the Department of Psychiatry, Faculty of Medicine, Karadeniz Technical University, Trabzon, Turkey between January 2010 and June 2012 on patients with depression aged 18-65 years (American Society of Anesthesiologist [ASA] I-II), who were considered appropriate for ECT and whose depression was resistant to medical treatment. Patients with poorly controlled cardiovascular disorders, arrhythmia, chronic obstructive pulmonary disease, renal or hepatic failure and organic brain diseases were excluded.
The study was conducted using a prospective, randomized, double-blind plan and conducted using a randomization method. 
ECT randomization and treatment
Prior to each ECT treatment, patients were randomized using a computer-generated randomization program to an ECT anaesthesia protocol: Group P, 0.5 mg/kg propofol intravenously (i.v.) þ 1 mg/kg remifentanil i.v.; or Group S, 8% sevoflurane þ 100% oxygen by inhalation þ 1 mg/kg remifentanil i.v.
Patients received no premedication. Prior to anaesthetic induction, all patients were preoxygenated with 6 l/min oxygen for 5 min via a face mask. 0.3 mg atropine i.v. was administered 5 min prior to ECT. Pulse oximetry, noninvasive blood pressure, three-lead electrocardiogram, BIS score (0-100 where: !95, full consciousness; 65-85, sedation; and 40-65, anaesthesia) and Thymatron Õ EEG (Somatics, LLG, Lake Bluff, IL, USA) monitoring was performed for each patient at each treatment. A tourniquet was placed on the contralateral forearm to use the isolated forearm technique. Systolic blood pressure, heart rate, peripheral oxygen saturation (SpO 2 ), and BIS score were recorded preanaesthesia (baseline), 1 min following anaesthesia induction and after loss of eyelash reflex, during ECT, at reversal of spontaneous respiration, at eye opening and at resumption of spontaneous breathing. Arrhythmia episodes, bradycardia (<50 pulse/min), desaturation (<96%), hypotension (>20% decrease from baseline) and hypertension (>20% increase from baseline) were recorded during the anaesthesia and recovery periods.
Within 90 s of administering 1 mg/kg remifentanil i.v., patients allocated to group P received 0.5 mg/kg propofol i.v. over 15 s and patients allocated to group S treatment received sevoflurane 8% in 100% oxygen 6 l/min fresh gas flow. For all patients in group S, when BIS values fell below 50, sevoflurane gas flow was stopped and ventilation was assisted with 100% oxygen. Loss of eyelash reflex and eyeopening response to verbal instruction were recorded during this period. All patients received 0.75 mg/kg succinylcholine i.v. for muscular paralysis. Once no muscular fasciculation was observed, ECT was applied with the AKMED ECT-F-180 machine (Akmed, Istanbul, Turkey) using bitemporal electrodes. Mask ventilation with 100% oxygen continued until spontaneous ventilation began.
The EEG seizure duration, postictal suppression index (degree of suppression at end of the seizure) and motor convulsion time (using isolated upper limb technique) were recorded. ECT therapies were scheduled by the same psychiatrist (C.H.) who was unaware of the randomized assignment. The first ECT dose received by each patient was performed at 30% of maximum stimulus amplitude, depending on the decision of the psychiatrist. Stimulus amplitude after the first treatment was planned by the same psychiatrist based on the EEG seizure duration, postictal suppression index and motor convulsion time for the patient. Successful ECT session criteria were postictal suppression index !70%, and EEG and motor convulsion time >15 s.
Patients were transferred to recovery when spontaneous ventilation resumed (SpO 2 >96% without supplemental oxygen) and they could respond to verbal instruction. Patients were transferred from recovery to a ward when the modified Aldrete score was >9. 27 Times of onset of spontaneous inhalation and response to verbal instruction, and side-effects such as headache, nausea and vomiting during this period were recorded.
Statistical analyses
Study data were analysed using SPSS Õ software, version 13.0.1 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Kolmogorov-Smirnov dispersion test was used to evaluate normal dispersion. Differences between the qualitative data were analysed using Pearson's 2 -test; quantitative data were analysed using MannWhitney U-test. Wilcoxon signed-rank test was used for within-group comparisons. All findings were evaluated bidirectionally at a significance level of P 0.05 and an advanced significance level of P 0.01. The study was powered to detect a 0.5 effect size with (1 -b) 0.47499, with 10.5 degrees of freedom.
Results
The present study included a total of 120 ECT sessions administered to 12 patients with depression (aged 18-65 years; weight range, 49-113 kg). This study design resulted in exactly the same number of patients being exposed to each treatment (sevoflurane-or propofol-based anaesthesia) ( Table 1) . Each patient received between two and twelve ECT sessions.
Mean heart rate during ECT and the follow-up period was found to be statistically significantly higher in the sevoflurane group than in the propofol group (P < 0.001; Table 2 ). The higher heart rate values were not related to any differences in clinical results. Mean systolic blood pressure changes were similar between the two types of treatment ( Table 2) .
The BIS values in the propofol group were lower than in the sevoflurane group during the induction and loss of eyelash Table 1 . Demographic data presented on a per-treatment basis in patients with treatment-resistant depression (n ¼ 12) assigned to receive electroconvulsive therapy under two types of anaesthesia: Group P, 0.5 mg/kg propofol i.v. þ 1 mg/kg remifentanil i.v.; Group S, 8% sevoflurane þ 100% oxygen by inhalation þ 1 mg/kg remifentanil i.v. reflex periods, and higher than in the sevoflurane group during periods when spontaneous inhalation began, and eye opening and motor responses returned (P < 0.05; Table 3 ). Anaesthetic induction time, recovery time following ECT, motor and EEG convulsion activity time, and postictal suppression index scores are shown in Table 4 . Anaesthetic induction time and recovery time were shorter in the propofol group compared with the sevoflurane group (P < 0.05). Mean motor and EEG convulsion activity were longer in the propofol group than the sevoflurane group (P < 0.05). There were no between-group differences with regard to postictal suppression index score (72.42 AE 22.06 and 77.15 AE 18.22, respectively). In addition, there were no significant between-group differences regarding charge delivered during ECT.
Characteristic
Nausea and vomiting following ECT or side-effects relating to the anaesthesia were similar in both groups (df ¼ 1); data not shown.
Discussion
The present study showed that propofol/ remifentanil combination used in anaesthesia for ECT was more effective than sevoflurane/remifentanil combination in terms of rapidity of induction and recovery time, and length of seizure duration.
Efficacy of ECT may be related to seizure duration and seizure quality. 19 While there Data presented as mean AE SD. *Statistically significant between-group difference (P < 0.01, Mann-Whitney U-test). NS, no statistically significant between-group difference (P > 0.05). A study investigating the effects of sevoflurane (8%) anaesthesia induction versus propofol (1 mg/kg), found the mean motor convulsion time was higher in the sevoflurane group. 19 Postictal suppression index score was determined to be higher in the propofol group compared with the sevoflurane group, however, no significant difference was found in EEG convulsion time. Sevoflurane was emphasized as an alternative to propofol anaesthesia in patients in whom ECT was applied. 19 A similar study evaluating induction time, recovery profile and convulsion time associated with 2 mg/kg propofol i.v. versus 8% sevoflurane by inhalation for anaesthesia induction during ECT, found that recovery was faster and seizure duration was longer in the sevoflurane group. 21 In contrast, the present study showed that administration of propofol resulted in longer convulsion time compared with sevoflurane. Consistent with the results of the present study, an investigation into the effects of propofol alone, sevoflurane alone and propofol-sevoflurane combination on haemodynamic responses, convulsion time and recovery characteristics determined that propofol had a longer motor and EEG convulsion time compared with sevoflurane. 16 The effects on convulsion time of using an opioid in combination with propofol or other anaesthetic agents in anaesthesia, have been investigated in previous studies. Compared with 1 mg/kg propofol alone, 0.5 mg/kg propofol plus 1 mg/kg remifentanil has been shown to enable reduction of the propofol dose, and resulted in a significant increase in seizure duration, without interfering with the cardiovascular parameters and recovery time. 15 Another study of the effects of propofol alone compared with propofol plus remifentanil found that the addition of remifentanil significantly increased postictal suppression index score and EEG seizure duration. 29 In both studies, the addition of remifentanil decreased the propofol dose necessary for loss of consciousness and resulted in increased convulsion time. In contrast to previous studies comparing sevoflurane with propofol, which report different results, 19 ,21 the present study used remifentanil infusion in both groups. The results of the present study which used remifentanil in combination with propofol, facilitating a reduction in the propofol dose, suggest that the adverse effects of propofol on seizure duration in previous studies may have been dose dependent. 19, 21 Remifentanil has been reported to decrease the haemodynamic variability accompanying ECT treatment. 30 In a study investigating the acute cardiovascular depressant effect of remifentanil in patients receiving ECT, addition of 1 mg/kg remifentanil i.v. to 1 mg/kg thiopental i.v. decreased the acute haemodynamic response. 30 The present study showed that the mean heart rate at the time of ECT and during the follow-up period was higher in the remifentanil/sevoflurane group compared with the remifentanil/propofol group.
The present study showed that the rapid induction and rapid recovery objectives in ECT anaesthesia can be achieved with propofol/remifentanil combination anaesthesia. The propofol/remifentanil combination was more effective compared with sevoflurane/remifentanil in terms of length of EEG and motor convulsion, which are important for therapeutic efficacy in ECT.
There are various approaches to dosing strategy in ECT. The titration method involves stimulating a patient with a gradually increasing electrical dose, starting at a low dose to determine the threshold for an induced seizure. 31 Alternatively, starting the ECT dose based on half or three-quarters according, to the patient's age, is recommended for bilateral ECT. 32 The starting ECT dose for patients in the present study was determined to be 30% of the maximum recommended output for the age of the patient.
The authors believe that further largescale case series studies in ECT are required, to reveal effective drug combinations for anaesthesia that offer good safety profiles and provide ideal conditions for effective seizures.
The results of the present study are limited, however, by the lack of measurement of end-tidal sevoflurane concentrations, since it was not possible to reveal the relationship between depth of anesthesia and sevoflurane concentration during ECT.
In conclusion, propofol/remifentanil combination in ECT anaesthesia management is more effective in providing rapid induction and recovery time, longer seizure activity and stable haemodynamics compared with sevoflurane/remifentanil combination.
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